This study was designed to determine the effects of aerobic exercise training on aging-associated selective changes of the function and expression of the large-conductance Ca 2+ -activated K + (MaxiK) channels in mesenteric arteries. Male Wistar rats aged 19-21 months were randomly assigned to sedentary (O-SED) and exercise-trained groups (O-EX). Two-monthold rats were used as Young control. Addition of iberiotoxin (10 −8 M) increased the norepinephrine-induced arterial contraction in all three groups, with the greatest enhancement being in Young and the least in O-SED. Patch clamp study revealed the characteristics of aging on MaxiK channel function in mesenteric arteries, mainly including (a) decrease of iberiotoxin-sensitive whole-cell K + current, (b) decrease of open probability and Ca 2+ /voltage sensitivity of single MaxiK channel, and (c) reduction of tamoxifen-induced MaxiK activation. After exercise training, all of these changes were markedly inhibited. Western blotting revealed that the protein expression of MaxiK was significantly reduced with aging and the suppression of β1-subunit was larger than that of α-subunit, although exercise training diminished this alteration. Taken together, aerobic exercise training reverses the aging-related unparallel downregulation of MaxiK α-and β1-subunit expression on mesenteric arteries, which partly underlies the beneficial effect of exercise on restoring aging-associated reduction in mesenteric artery vasodilatory properties.
A ging is the main risk factor for cardiovascular disease, which remains the number one killer in modern society (1) . Previous studies described the link between agerelated molecular, cellular (2) , and functional changes that occur in the cardiovascular system (3) (4) (5) . As age advances, several structural and functional changes occur in the vasculature including arterial stiffness, dilation of central elastic arteries, and endothelial dysfunction (6) (7) (8) . in contrast to age, habitual exercise, especially aerobic exercise, is associated with enhanced vascular function and reduced risk of cardiovascular disease (9) (10) . The mechanisms mediating the favorable modulatory effects of habitual exercise are complicated, one of which may be that regular exercise minimizes or reverses age-related structural and functional changes of arteries (11) .
Large-conductance Ca
2+
-activated K + (MaxiK or BK Ca ) channels are expressed broadly on smooth muscle cells (SMCs) and play a critical role in regulating vascular tone. in vascular SMCs (VSMCs), MaxiK channels comprise channel-forming α and auxiliary β1-subunits, which confer to MaxiK channels an increased sensitivity for changes in membrane potential and Ca 2+ (12) (13) (14) (15) . MaxiK channel opening and the consequent efflux of K + leads to membrane hyperpolarization, which is followed by the closure of voltage-dependent Ca 2+ channels, reduction of Ca 2+ entry, and vasodilatation (16) . Previous studies have demonstrated that in some vasculatures, MaxiK channel has its expression and function altered with aging. For example, in coronary arteries, the number of functional channels together with the expression of α-subunit protein of MaxiK is found to be diminished as age processes (17) . Furthermore, β1-subunit functional expression is reduced parallel with α-subunit via transcript downregulatory mechanisms (18) . However, in some other vessels such as aging cerebral arteries, MaxiK channels on the myocytes are not found significantly changed compared with young ones (19) . These results indicate that the aging-associated alteration of MaxiK channels is heterogeneous along the arterial tree. Mesenteric arteries (MAs), due to the small lumen diameter and abundance of VSMCs, play an important role in peripheral resistance regulation. Although previous studies revealed that advancing age leads to structural remodeling of mesenteric resistance arteries including increased lumen size and cross-sectional area associated with stiffness of the wall components (20, 21) , the alteration of the MaxiK channel expression and function in aging MA myocytes has not been well addressed.
in recent years, there is increasing evidence suggesting the link between regular exercise and vascular MaxiK channel. in aortic SMCs, exercise training is found to change the gating properties of MaxiK channels (22, 23) . in coronary arterial SMCs, there is also evidence indicating an increase in the MaxiK channel currents in exercise-trained rats (24) . in MAs, activation of MaxiK channels contributes to vasodilatation in animals with exercise training (25) . Our recent study showed that in young healthy rats, aerobic exercise training increases MaxiK channel contribution to regulation of mesenteric arterial tone by upregulating β1-subunit. notably, most of the evidence is from young animals. in aging animals, only Albarwani and coworkers reported that exercise training could attenuate aging-induced MaxiK channel downregulation in rat coronary arteries (26) . Taking account the arterial heterogeneous of the aging-related alteration of MaxiK channels, no data available regarding the modulatory influence of exercise training on aging-associated selective changes of MaxiK channel on MAs.
Therefore, this study was designed to examine the effects of aerobic exercise on MaxiK channel function in aging MA myocytes and to investigate the molecular basis for these effects. The information obtained will extend insight into the underlying cellular and molecular mechanisms of the beneficial effects of exercise on aging-reduced arterial function related to MaxiK channels.
Methods

animals and exercise training Protocol
Male Wistar rats were purchased from Vital River Laboratory Animal Technology Co. Ltd. (Beijing, China). The rats aged 19-21 months were randomly assigned to a sedentary group (O-SED, n = 18) and an exercise-trained group (O-EX, n = 18). Two-month-old (2 M, n = 18) rats were used as Young control. All rats were habituated to treadmill exercise (27) . Each of them walked on a motor-driven treadmill at 15 m/min (0° slope), 5 min/day for 5 days. Then, the O-EX rats were subjected to a motor-driven treadmill training protocol (15 m/min without inclination, 60 min/d, 5 d/wk: for 12 weeks). The experimental protocols using laboratory animals were approved by the ethical committee of Beijing Sport University and were performed in accordance with the Chinese animal protection laws and institutional guidelines.
Measures of cardiovascular Responses
A total of 18 rats (n = 6 per group) were used for in vivo cardiovascular responses study as previously described (22, 27) . Briefly, the animals were anesthetized with sodium pentobarbitone (50 mg/kg, i.p.). Chronic catheters were inserted into the femoral vein and artery and were tunneled subcutaneously, exteriorized at the nape of the neck. Two days after surgery, blood pressure (BP) and heart rate (HR) were recorded continuously in conscious, unrestrained rats by using data acquisition software (BL-420S, Chengdu Technology and Market Co., China). Following the baseline BP recording (60 minutes), norepinephrine (nE, 18 μg/kg) was i.v. administrated to the animals. The drug dose was based on previous reports from our other labs (22, 28) .
assessment of Vascular Function
At the end of 12-week exercise training, animals (n = 6 per group) were anaesthetized and decapitated. The mesenteric arcade was removed quickly and placed in cold Krebs' solution with the following composition (mM) 131.5 naCl, 5 KCl, 1.2 naH 2 PO 4 , 1.2 MgCl 2 , 2.5 CaCl 2 , 11.2 glucose, 13.5 naHCO 3 , and 0.025 EDTA, continuously gassed with 95% O 2 and 5% CO 2 (pH 7.4). The first-order branch of MA (A1) was cut into rings (4 mm) and mounted on two stainless steel wires passed through the vessel lumen. The endothelium was removed by gently rubbing the luminal surface with a stainless steel rod. Removal of the endothelium was confirmed by the lack of response to 10 μM acetylcholine.
The contractile response for tension was evaluated by measuring the maximum peak height and expressed as percent of maximal tension achieved to 120 mM K + (K max ). To examine the role of inhibition of MaxiK channel on tension, tissues were first contracted with 10 −5 M nE. After washing and reequilibration to basal tones, the vessel was pretreated with a potent MaxiK channel blocker iberiotoxin (ibTX, 10 −8 M) for 2 minutes and then stimulated with 10 −5 M nE.
electrophysiological Recording isolation of VSMcs from Ma.-Enzymatic isolation of single VSMC from MAs was carried out as previously described (26) . Briefly, the MAs (n = 6 per group) were removed rapidly and placed in Ca 2+ -free ice-cold physiological salt solution i (PSS i) containing (mM) the following: 137 naCl, 5.6 KCl, 1 MgCl 2 , 10 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES), 10 glucose, and 0.03 sodium nitroprusside (pH 7.4 with naOH). The arterial branches (A1-A3) were cut into pieces and incubated for 30 minutes at 37°C with papain (0.3 mg/ml, Worthington Biochemical), dithiothreitol (1 mg/ml, Sigma), and bovine serum albumin (1 mg/ ml, Bovogen Biologicals). Then the tissue was incubated for 20 minutes with another digestion buffer supplemented with collagenases Type F (1.5 mg/ml, Sigma), Type1-S (1 mg/ml, Sigma), and bovine serum albumin (1 mg/ml). After washing 3-4 times with PSS ii containing (mM) the following: 137 naCl, 5. Single-channel MaxiK current recordings.-MaxiK singlechannel currents were recorded in excised inside-out membrane patches under symmetrical K + (145 mM) as previously described (27) . The pipette solution contained (in mM) 100 KCl, 45 K-Asp, 1 ethylene glycol-bis (2-aminoethylether)-n,n,n′,n′-tetraacetic acid, 10 HEPES, and 5 glucose (pH 7.4 with KOH). The bath solution contained (in mM) 45 KCl, 100 K-Asp, 1 ethylene glycol-bis (2-aminoethylether)-n,n,n′,n′-tetraacetic acid, 10 HEPES, and 5 glucose (pH 7.4 with KOH). Free Ca 2+ in solution was adjusted to the desired value by adding CaCl 2 (calculations performed with WinMax C software; http://maxchelator.stanford.edu/webmaxc/webmaxcS.htm). Currents were sampled at 10 KHz and filtered at 2 KHz with a Bessel filter (8 poles). As an index of channel steady-state activity, we used the product of the number of channels in the patch (n) and the channel open probability (p o ). Voltage sensitivity of MaxiK channels was determined from Boltzman's fit of data, and Ca 2+ -dependent activation was fitted with the Hill equation (27) . All electrophysiologic studies were performed using Axon700B amplifier, pCLAMP 10.2, and Clampfit 10.2 software (Axon instruments inc., Foster City, CA).
Western immunoblotting
Western immunoblotting was performed as described previously (27) . Briefly, protein concentration was determined by the Bradford method using bovine serum albumin as a standard. Equivalent amounts (40 µg) of total protein from the MAs were added to adjacent duplicate lanes. Samples were separated on a 10% sodium dodecyl sulfate polyacrylamide gel (MaxiK α-subunit) or a 15% sodium dodecyl sulfate polyacrylamide gel (β1-subunit), and the proteins were electrophoretically transferred onto a nitrocellulose membrane at 300 mA for 1.5 hours (α-subunit) or at 250 mA for 50 minutes (β1-subunit) in a transfer buffer containing 25 mM Tris, 192 mM glycine, and 20% methanol. After blocking in 10% bovine serum albumin for 2 hours, the membrane was washed by Tris-buffered saline Tween-20 thrice and then incubated overnight with primary antibody (polyclonal Anti-K Ca 1.1, 1:300; or polyclonal Anti-sloβ1, 1:400, Alomone Labs, Jerusalem, israel) at 4°C (27, 29, 30) . After incubation with a secondary antibody (anti-rabbit igg-HRP, 1:4000, Sigma) for 1 hour, signals were detected by enhanced chemiluminescence (ECL, Amersham, UK). Densitometric scanning of band intensities were quantified by Quantity One (Bio-Rad) and expressed as a percent of the β-actin density for each lane.
chemicals
All chemicals were purchased from Sigma-Aldrich (China [Mainland]) unless otherwise stated.
Statistical analysis
Results are expressed as mean ± SeM, and n denotes the number of animals used in each experiment. Statistical analysis was conducted using one-way analysis of variance followed by Tukey post hoc test for multiple comparisons. A value of p < .05 was considered significant.
Results
Body Weight and heart Weight
There was no difference in either body weight or heart weight between the O-SED and the O-EX at the beginning of exercise. After exercise training for 12 weeks, body weight in O-EX was significantly lower, whereas heart weight was significantly higher, than that in O-SED (p < .01, Table 1 ). Therefore, the heart weight/body weight ratio was markedly increased in O-EX.
cardiovascular Response
Baseline BP and hR.-As shown in Figure 1 and Table 1 , the baseline systolic BP (SBP) increased and the diastolic BP (DBP) decreased with aging. The resting SBP in O-SED was 143.5 6 ± 3.6 mmHg, which was significantly higher than that in Young (126.2 ± 3.8 mmHg, p < .05). After exercise training, the SBP in O-EX (135.1 ± 4.2 mmHg) decreased compared with that in O-SED but was still higher than that in Young. The DBP in O-SED (89.1 ± 4.6 mmHg) was significantly lower than that in Young (106.2 ± 3.2 mmHg). After exercise training, the DBP in O-EX (95.1 ± 4.3 mmHg) was increased compared with that in O-SED but was still lower than that in Young. Pulse pressure was highest in O-SED (53.7 ± 4.4 mmHg), but least in Young (20.0 ± 3.5 mmHg). There was no significant discrepancy in HR between O-SED and Young. notes: BP = blood pressure; BW = body weight; DBP = diastolic blood pressure; H/B ratio = heart weight/body weight ratio; HR = heart rate; HW = heart weight; PP = pulse pressure; SBP = systolic blood pressure.
* Figure 1A-D) . For example, nE-stimulated maximal increases of SBP (ΔSBP) in O-SED and Young groups were 46.0 ± 3.8 and 78.3 ± 4.1 mmHg, respectively ( Figure 1B) . After exercise training, ΔSBP (57.2 ± 4.5 mmHg) markedly increased in O-EX compared with that in O-SED but was still lower than that in Young. As shown in Figure 1A and C, the increased SBP and DBP recovered to the baseline within 7 minutes in Young and O-EX. However, at 7 minutes after i.v. injection of nE, the SBP and DBP in O-SED were still higher than basal level. This result indicated that aging induced a slower recovery of BP change induced by pressor agonists. However, exercise training ameliorated this change. Figure 1E shows that nE-induced pressor responses were associated with a marked decrease of HR in all three groups. in O-SED, the maximal change of HR (ΔHR) was −11 ± 5 bpm, which was significantly less than that of Young (−24 ± 6 bpm, p < .05). Likewise, exercise training ameliorated this change (O-EX, −17 ± 6 bpm, p < .05). Although ΔHR in O-EX was still a little bit lower than that of Young, there was no substantial statistical difference between two groups (p > .05, Figure 1F ).
exercise training attenuated aging-Reduced MaxiK channel contribution to Basal tone in Mas
KCl (120 mM) induced a significant increase of vascular tone in all three groups. The maximal KCl-induced force (K max ) was not different across groups. The nE (10 
exercise training attenuated the aging-Reduced MaxiK currents
Whole-cell K + currents.-To assess the MaxiK current amplitudes, K + currents were first elicited in a drug-free bath solution and then in a solution containing 100 nM ibTX under the conventional whole-cell patch clamp recording. Peak current was expressed as current density (pA/pF) to normalize for differences between cell membrane areas. The old MA myocytes had slightly larger cell capacity than young myocytes with values of 15.8 ± 1.3 and 14.3 ± 1.2 pF (both n = 20 cells from six animals), respectively. As shown in Figure 3 , the myocytes in O-SED had a lower current density than those in Young at all membrane potentials between −10 and +80 mV. After ibTX (100 nM) treatment for 10 minutes, the whole-cell K + currents were greatly inhibited. These data indicate that aging induces a significant decrease of functional expression of MaxiK channels, whereas exercise training attenuates this decrease.
transient MaxiK currents.-Transient MaxiK currents (ie, STOCs) were recorded using the perforated patch whole-cell configuration of the patch clamp technique. As shown in Figure 4 , both amplitude and frequency of STOCs in MAs were markedly reduced with aging at the same holding potential. However, exercise training ameliorated these changes. For example, at the holding potential of −30 mV, the amplitude of STOCs in three groups was in the following order: Young (12.6 ± 1.2 pA) > O-EX (9.2 ± 2.0 pA) > O-SED (5.4 ± 0.7 pA). Likewise, the frequency of STOCs was significantly reduced from 4.5 ± 0.4 (Young) to 1.4 ± 0.2 Hz (O-SED), whereas exercise training partly prevented this decrease (O-EX: 2.5 ± 0.4 Hz).
exercise training inhibited the aging-Related change of MaxiK channel activity and Gating Properties conductance and ca
2+
/voltage sensitivities of MaxiK channel.-The single MaxiK channel activity and gating properties were examined using inside-out patch clamp configuration. in all three groups, np o increased along with the increase of membrane potential (data not shown). A linear fit revealed an average single-channel conductance (g) of 245.0 ± 13.5 pS for Young, 229.7 ± 15.8 pS for O-SED, and 236.8 ± 14.2 pS for O-EX (n = 12 patches from six animals in each group). no significant differences were observed about the single-channel conductance among three groups.
Then, the voltage and Ca 2+ dependence of the MaxiK channels was examined. The np o was normalized to the max probability. The p o -voltage relationships were fitted with the Boltzmann distribution to determine the voltage for half-maximal activation of the channel, V 1/2 . As can be seen from Figure 5A V 1/2 was 53.30 ± 1.41 mV, which was in between that of Young and O-SED (n = 6 in each group). However, there was no significant change of the slope among three groups.
A similar rightward shift in Ca
-dependent activation was observed with aging. Figure 5B Then, the effects of tamoxifen on MaxiK channels in three groups were examined. Tamoxifen, a xenoestrogen, is known to activate MaxiK channels only when they are associated with β1-subunit (31). Under the condition of 100 nM [Ca 2+ ] free , application of tamoxifen (1 μM) evoked 4.8-fold increase in the p o of MaxiK channels in Young patches, whereas in O-SED and O-EX patches, it evoked 1.6-and 3.2-fold increase, respectively (Figure 6g ). These results indicate that aging-induced decrease of Ca 2+ -and voltage sensitivity of single MaxiK channel may result from a decrease in the functional expression of the MaxiK β1 accessory subunit; however, this change can be prevented by regular exercise training.
exercise training attenuated the aging-induced Unparallel Decrease of MaxiK channel Subunits expression
Western blot analysis, using α-and β1-subunit-specific antibodies, detected bands of 125 and 28 kDa, respectively. As shown in Figure 7A , aging induced a significant decrease of protein expression of both α-and β1-subunits. Specificity of the antibody was tested as previously reported (32) . Compared with the Young control group (1.00 ± 0.00), the observed protein expression level of α-and β1-subunit in O-SED was significantly decreased (0.65 ± 0.11 and 0.29 ± 0.07, respectively, Figure 7B and C). The β1/α ratio showed a significant reduction with aging (O-SED: 0.45 ± 0.10 vs Young: 1.00 ± 0.00) ( Figure 7D ). These data showed that at the cell level, aging induced a larger suppression of β1-subunits with respect to α-subunits. However, after exercise training, the α-and β1-subunit expression and β1/α ratio were markedly increased (α-subunit: 0.72 ± 0.17; β1-subunit: 0.65 ± 0.05; β1/α: 0.90 ± 0.09). The increased β1/α ratio indicates that exercise training has a more improvement on β1-subunit than α-subunit expression.
Discussion
in this study, we provide functional and molecular evidences for the first time that aerobic exercise training increases the contribution of MaxiK channel in regulating MA tone by reversing aging-associated unparallel downregulation of α-and β1-subunit in MA myocytes.
Much of the etiology of cardiovascular disease is attributable to disorders of the arteries. As such, the usage of regular exercise to delay, slow, and, in some cases, prevent the development of arterial dysfunction and disease can play a key role in promoting healthy aging (31) . Here, we focused on the modulatory influence of regular exercise on agingassociated selective changes of MaxiK channel in MA myocytes. Three levels of experiments were performed. First, by using in vivo BP measurement, we observed the effects of regular exercise on the cardiovascular responses in aging animals. Compared with O-SED group, the animals that performed 12-week aerobic exercise had a lower body weight but a higher heart weight. The heart weight/ body weight ratio was markedly increased. Moreover, a significant increase of baseline SBP and pulse pressure appeared in the aged rats. As we know, in healthy sedentary adults, aging is associated with increased stiffness (reduced compliance) of large elastic arteries (33) . The results here indicated that the aging animals in this study did have the common aging features such as stiffening of large arteries. After 12-week aerobic exercise, all of these changes were diminished, which indicated the efficacy of the training program. in addition, in O-SED, the nE-induced pressor response was attenuated, but the recovery period was prolonged. At 7 minutes following i.v. injection of nE, both SBP and DBP were higher than the baseline. Exercise training accelerated the recovery rate. The SBP and DBP recovered to the baseline level within 7 minutes. These results support the view that regular physical activity, particularly large-muscle aerobic exercise, is an effective strategy for combating several adverse cardiovascular changes associated with aging.
Because advancing age appears to exert its pathological influence primarily via adverse effects on arteries (34), it is reasonable to deduce that in addition to the neural and humoral elements, exercise training may reverse agingassociated adverse structural and functional remodeling of arteries. in order to get a better characterization of the exercise on the aging-related peripheral resistance arterial functional changes, contraction experiments were carried out on the endothelium-derived MAs in vitro. We found that nE (10 −5 M)-induced maximal vascular contraction was significantly decreased in O-SED, which may due to the agerelated reduction in α adrenoceptor reserve in the vessel (35) . To investigate the possible buffering by MaxiK channels of the vasoconstriction elicited by nE, we pretreated the MA rings with 10 −8 M ibTX for 2 minutes and then gave nE (10 −5 M) in the presence of ibTX. Addition of ibTX increased the nE-induced contraction in all three groups, with the greatest enhancement being in young and the least in O-SED myocytes. These results may reflect that the contribution of MaxiK channel in maintaining basal tone was decreased with aging, whereas regular exercise attenuates Previous studies have demonstrated that the mesenteric resistance arteries in aged rats show hypertrophic outward remodeling. it is characterized by an increased lumen size and cross-sectional area, associated with stiffness of the wall components (21, 36) . Compared with young animals, the number of SMC layers was significantly greater in MAs from old rats, whereas the density of SMC decreased by age (20) . These results reveal that the vascular wall of peripheral arteries undergoes structural changes with age. To further investigate the effects of exercise training on the aging-induced changes of the MaxiK function on the cell level, the electrophysiological experiments were conducted. The data showed that the ibTX-sensitive outward current (MaxiK current) density was significantly decreased in old MA myocytes, which was markedly attenuated by exercise training. These findings are consistent with those from previous reports on the coronary arteries (26) . Perforated patch clamp study here also showed a dramatic decrease in the amplitude and frequency of MaxiK channel activity with aging. However, this change was prevented by exercise training. STOCs occur when MaxiK channels are activated by quantal releases of Ca 2+ from the sarcoplasmic reticulum, which increases the subsarcolemmal Ca 2+ concentration (16 ] i ), and leads to vessel relaxation (16) . The obvious change of STOC amplitude and frequency with aging and exercise training could conceivably reflect a fundamental in VSMCs, MaxiK channels are known to be assembled by at least two noncovalently associated subunits; the α-subunit and β1-subunit (14) . While α-subunits form a K + -selective pore, coexpression with β1-subunits dramatically increases Ca 2+ and voltage sensitivity of the channel as well as slowing activation and deactivation kinetics (12, 13, 19, 37) . The association between the α-and β-subunits occurs in a 1:1 ratio (7). The association of the α-subunit with different regulatory subunits might result in different pharmacological properties. Therefore, a balanced coupling of both subunits is critical to maintain the arterial myocytes in a healthy state. Several previous studies demonstrated that decreased β1-subunit expression causes reduced MaxiK channel Ca 2+ -and voltage sensitivity and reduced coupling of Ca 2+ sparks to MaxiK channel activation, which linked to enhanced vasoconstriction (13) (14) (15) 38) .
Based on the results here that the aging-associated decrease of Ca 2+ -and voltage sensitivity of MaxiK channel was well prevented by exercise training, we speculate that exercise training exerts its effects partly by reversing the aging-induced unparallel downregulation of α-and β1-subunit function. To test our hypothesis, we used tamoxifen as a pharmacologic probe to assess β1-subunit function. in addition to increasing Ca 2− sensitivity and increasing the open dwell time of MaxiK channels, the β1-subunit is known to confer sensitivity to acute activation by tamoxifen (26) . We found that tamoxifen-induced MaxiK channel activation was in the following order: Young > O-EX > O-SED. These data gave support to our hypothesis that β1 function is decreased more pronouncedly than α-subunits in aging MAs, which can be markedly attenuated by exercise training.
To find the substantial molecular evidence, finally, we examined the protein expression of MaxiK α-and β1-subunits by using Western blotting. Compared with Young, the molecular expression of both subunits was dramatically diminished, and more importantly, the coupling ratio of β1/α subunits was markedly decreased in aged MA myocytes. After exercise training, the β1/α ratio was increased to some degree. These data further reinforce our conclusion that unparallel decrease of MaxiK α-and β1-subunits may be an important event in the development of MA dysfunction during aging although exercise can reverse this alteration to restore the arterial function.
As mentioned earlier, the link of exercise and MaxiK channel has been reported in a variety of vasculatures such as aortic, coronary, and mesenteric arteries in young animals (22) (23) (24) (25) . in aging animals, evidence shows that exercise training can attenuate aging-induced MaxiK channel downregulation in rat coronary arteries (26) . Different from the parallel decrease of two subunits in aging coronary arteries (18) , we demonstrated that in MAs, aging causes more suppression on MaxiK β1-subunits than on α-subunits. Moreover, we demonstrated that aerobic exercise training can reverse such unparallel downregulation of MaxiK channel to restore the aging-associated decline in mesenteric vasodilatory properties. Together with our recent research on MAs in young animals, exercise training appears to target β1-subunit more than α-subunit of MaxiK. However, the underlying mechanisms are still not clear. it is important to acknowledge the limitations of our study. Previous studies have demonstrated that aged arteries also exhibited defective endothelium-dependent vasorelaxation, which is mediated in part by an oxidative stressdependent reduction in nitric oxide (nO) production and bioavailability (39, 40) . Exercise also acts to preserve several vascular endothelial functions that decline with age. in this study, we just focused on the endothelium-independent regulation of MA, that is, MaxiK channel on the VSMCs. However, reduced oxidative stress, greater nO bioavailability associated with increased enOS expression/activation, may be also involved. Therefore, more mechanistic insight is needed. Another limitation of this study is that we did not assess β1-/α-subunit expression on the mRnA level. Actually, the knowledge of these changes among three groups and their associated mechanisms on both protein and mRnA levels would add more comprehensive insights into exercise-induced alterations on aging arteries.
in conclusion, this study provided functional and molecular evidences that aerobic exercise training reverses the aging-related unparallel downregulation of MaxiK α-and β1-subunit expression on MAs, which partly underlies the beneficial effect of exercise on restoring aging-associated reduction in MA vasodilatory properties. 
